This paper presents the analysis of the notch effect in two ferritc-pearlitic steels: S275JR and S355J2. The research is based on the development and analysis of an experimental programme composed of 336 CT specimens, combining 6 different notch radii, and testing temperatures from the lower shelf up to the upper shelf of the two materials. The notch effect is analysed through the evolution of both the load bearing capacity and the apparent fracture toughness, and also through the relation between these two variables and the failure micromechanisms.
INTRODUCTION
Notch-type defects generate less demanding stress fields than crack-like defects. Numerous papers may be found in the literature providing different models of the stress field in the notch tip (e.g., [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] ). Basically, they all suggestprovide mathematical expressions implying a reduction of the stress acting perpendicular to the notch plane, in such a way that the larger the notch radius the more significant the stress reduction. This generally has direct consequences on the resistant behaviour of structural components (e.g., [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] ). Comprehensive reviews of this phenomenon covering thousands of experimental data may be found in [15, 16, 19] , whereas specific results for particular materials may be found in, for example, [13] (ceramics), [14] (alumina and soda-lime glass), [17] (PMMA) and [18] (Al7075-T651). Thus, in most cases, a given component has a higher load bearing capacity in notched conditions than in cracked conditions. On some occasions, however, sharp notches behave like cracks and also blunt notches may not penalise the load bearing capacity (beyond the corresponding reduction of the resistant section). Additionally, the terms "sharp" and "blunt" are not absolute, but rather they depend on the material: there are materials that present a clear notch effect (e.g., increase in load bearing capacity) for very small notch radii (e.g, [18] ), and there are others that require a certain notch radius to develop a notch effect (e.g., [17] ).
This particular nature of notches has led to a great deal of research work over the last few decades, aiming to provide specific tools for the assessment of notched components, beyond the simple and generally overconservative application of ordinary fracture mechanics.
There are two main failure criteria in notch theory: the global fracture criterion and local fracture criteria [10, 13] . The global criterion establishes that failure occurs when the notch stress intensity factor reaches a critical value, K ρ c , which depends on the notch radius and the material:
c ρ ρ K = K (1) where K ρ defines the stress and strain fields in the vicinity of the notch tip (analogously to K I in the crack tip). This approach, of an unquestionable significance, is totally analogous to that used in cracks, but its application is very limited because of the lack of analytical solutions for K ρ (in contrast with the case of K I , e.g., [18-2120-23] ) or/and standardised procedures for the experimental definition of K ρ c (in contrast with the case of K IC , e.g., [24] ). Moreover, the existing solutions are mainly focussed in V-shaped notches, such as those proposed in [25, 26] for sharp V-shaped notches (zero notch radius), and [27] for both sharp and blunted V-shaped notches.
Concerning local criteria, these are based on the stress-strain field at the notch tip and can be more widely applied than global criteria from a practical point of view. Among them, the Point Method (PM) and the Line Method (LM) [15] are of particular practical significance, being different versions of the Theory of Critical Distances (TCD), which also includes methodologies such as the Imaginary Crack Method, the Area Method and the Volume Method [15] . In both cases, a characteristic material length parameter (the critical distance, L) is used when performing fracture assessments [15] :
where K IC is the material fracture toughness (cracked conditions) and σ 0 is a characteristic material strength parameter, usually larger than the ultimate tensile strength (σ u ), that must be calibrated. The notch analysis following these methodologies is relatively simple: the PM establishes that fracture occurs when the stress reaches the inherent strength (σ 0 ) at a distance from the defect tip equal to L/2:
For its part, the LM assumes that fracture occurs when the average stress along a distance equal to 2L (starting from the defect tip), reaches the inherent strength, σ 0 :
Moreover, as mentioned above, the notch effect modifies the stress field at the notch tip, and therefore it is actually a source of loss of constraint (e.g., [28] [29] [30] [31] [32] [33] [34] ). This has led to notch analyses based on two parameter fracture mechanics, especially those based on the T-stress (e.g., [35, 36] ). However, analogously to notch global approaches, its practical applications when analysing the notch effect and the structural integrity of components containing notches are limited, given that these methodologies are basically focused on crack-like defects, where the in-plane loss of constraint is basically caused by tensile loads and crack shallowness. As an example, FITNET FFS Procedure [1823] provides a complete comprehensive methodology for the assessment of low constraint conditions in cracked components, based on the T-stress or the Q parameter [32] (section 6.4.3 of the procedure), and includes guidance for the analysis of notch-type defects in a separate section (section 12). Furthermore, the procedure, based on [35] , proposes that the loss of constraint caused by the notch effect is independent of that caused by tensile loads and defect shallowness [34, 37, 38] .
Another type of local approaches which are worth mentioning are those based on the Cohesive Zone Model [39, 40] , whose application to the analysis of notches has provided noticeable contributions in the last years (e.g., [41] [42] [43] [44] ). The cohesive zone model is able to predict not only the behaviour of cracked structures, but also the behaviour of uncracked structures, including those containing blunt notches. It has successfully been applied, for example, to concrete and cementitious composites, glassy polymers such as PMMA, and some steels [40] . Here, it is important to notice that the Cohesive Zone Model defines a characteristic length (l ch ) whose expression is similar to equation (2) [40] [41] [42] [43] .
In any case, the resistant behaviour of structural components containing notches can be analysed through two different parameters: the above mentioned load bearing capacity and, when dealing with fracture assessments, the apparent fracture toughness (K N mat ) (e.g., [15, 17, 18, 45] , which is that one obtained by the application of the cracked specimen formulation [24] to notched specimens. Also of great interest is the relation between the macroscopic resistant observations (i.e., load bearing capacity and apparent fracture toughness) and the fracture micromechanisms, as previously reported in [17, 18] . This paper focusses the analysis of notch effect on a particularly significant group of materials: ferritic-pearlitic steels, which constitute the core part of structural steels. The fracture resistance of these materials in cracked conditions presents a clear dependence on the working temperature, with brittle behaviour at low temperatures (Lower Shelf), ductile behaviour at high temperatures (Upper Shelf), and transition behaviour between the Lower Shelf and the Upper Shelf (ductile-to-brittle transition zone) [24, 46, 47] , as shown in Figure 1 . To the knowledge of the authors, the analysis of this temperature dependence has not been previously reported in the literature when dealing with notched conditions. With all this, the present paper presents a description of the two steels analysed (Section 2), together with the corresponding experimental program and its results (Section 3), and the analysis of the notch effect in both the load bearing capacity and the apparent fracture toughness (Section 4). Finally, Section 5 outlines the relation between fracture micromechanisms and macroscopic resistant observations, and Section 6 gathers the final conclusions.
MATERIALS
The research reported in this paper is performed on two ferritic-pearlitic steels with, in principle, rather different fracture behaviour: steel S275JR, with a minimum specified Charpy energy of 27J at +20ºC, and S355J2, which guarantees the same Charpy energy at -20ºC.
This section presents the basic characterisation of these two materials, comprising chemical, microstructural and tensile analyses. Table 1 gathers the chemical analysis performed by means of chemical emission spectroscopy. The results obtained satisfy the specifications of both materials. Figure 2 shows the ferritic-pearlitic microstructures. It can be observed that the pearlitic grains are distributed more homogeneously in steel S275JR than in steel S355J2, which clearly presents alternated bands of pearlitic and ferritic nature. Moreover, the average grain size is rather different in the two steels. The corresponding grain size was determined following [48] , providing values of 19.4 μm and 8.3 μm for steels S275JR and S355J2, respectively. Finally, Table 2 gathers the tensile properties of the two materials at the different temperatures. They are subsequently tested within their corresponding experimental programme (see Section 3), and also at room temperature (+20ºC). The tests were performed following [49] , two at each combination of material and temperature. It can be observed how, in the two steels analysed, the lower the temperature, the higher the yield stress, the ultimate tensile strength and the Young´s modulus (this effect is also accompanied by a reduction in ductility parameters). Also, both steels satisfy their specifications at room temperature.
EXPERIMENTAL PROGRAM AND RESULTS
In order to analyse the notch effect along the different zones of the material fracture behaviour (lower shelf, ductile-to-brittle transition zone and upper shelf), an experimental program composed of 336 CT specimens has been performed. 180 of the specimens correspond to steel S275JR, and 156 correspond to steel S355J2. This difference is justified by the fact that in the latter case, it was only technically possible to perform tests at just one temperature (-196ºC) within the material lower shelf.
For each combination of material and test temperature, specimens containing six different types of notch radii were tested: 0 mm (crack-like defects), 0.15 mm, 0.25 mm, 0.50 mm, 1.0 mm and 2.0 mm, as shown in Figure 3 .
The experimental program started, for each material, with 6 fracture tests on CT cracked specimens at temperatures that were initially assumed to be at the material's ductile-to-brittle transition zone (DBTZ). These temperatures were -10ºC in the case of steel S275JR and -100ºC in the case of steel S355J2. After these tests, and provided the previous temperatures belonged to the higher part of the DBTZ, additional fracture tests were performed on each material at lower temperatures (still within the DBTZ): four tests at -30ºC and -50 ºC in the case of steel S275JR, and four tests at -120ºC and -150 ºC in the case of steel S355J2. All this provided fourteen tests on each material for the determination of the reference temperature, T 0 , which is that which corresponds to a median fracture toughness K Jc of 100 MPam 1/2 obtained in 25 mm thick specimens. Applying [50] , and following the multi-temperature option, a reference temperature of -26ºC for steel S275JR and -133ºC for steel S355J2 was obtained. These results confirm that the above mentioned testing temperatures belong to the validity range of the DBTZ defined in [50] . Now, assuming that the DBTZ is defined by T 0 and, thus, modelled by the Master Curve [50] , for each material two temperatures were defined belonging to the upper shelf (US), three temperatures belonging to the DBTZ, and (tentatively) two temperatures belonging to the lower shelf (LS). The temperatures at the US were those higher than T 0 +50ºC [50] , those corresponding to the DBTZ were located within T 0 ±50ºC, and LS temperatures were considered to be those lower than T 0 -50ºC. All this led to testing temperatures of +70, +40, -10, -30, -50, -90 and -120 ºC for steel S275JR, and -20, -50, -100, -120, -150 and -196 ºC for steel S355J2.
The temperatures located between -50 ºC and +70 ºC were obtained using an environmental chamber; temperatures below -50 ºC required a combination of an environmental chamber and liquid nitrogen. Tables 3 and 4 gather the complete experimental program, with the material, the geometry, the testing temperature and the results of every single tested CT specimen. It can be seen that 10 of the tests do not have any result, since the experimental procedure was not valid in those cases.
The experimental results are given in terms of the load bearing capacity (LBC) and the apparent fracture toughness (K N mat ). Concerning this latter parameter it should be noted that its value in each individual test has been obtained following the procedure specified in [24] for the determination of K Jc in cracked specimens: (5) where J N mat is the apparent J-integral at onset of cleavage fracture, E is the Young´s modulus and υ is the Poisson´s ratio [22] : , η is a dimensionless constant, A p is the plastic area under the load-displacement curve, b 0 is the initial remaining ligament and K N e is the apparent elastic stress intensity factor at instability [24] : , which is the apparent fracture toughness at fracture instability prior to the onset of significant stable tearing defect extension [24] . This measure is independent of in-plane dimensions but may depend on thickness. In the case of cracks, K This is the most common case and corresponds to tests where the load-displacement curve present is similar to those shown in Figure 4a . -K N Ju , which is the apparent fracture toughness at fracture instability after the onset of significant stable tearing defect extension. This measure may be size-dependent and a function of test specimen geometry. This is the case when the combination of a relatively high temperature (higher part of ductile-to-brittle transition zone and upper shelf) and notch radius allows the defect to develop important amounts of tearing before final fracture, and the load-displacement curves are similar to those shown in Figure 4b . -K N Jt , which is the apparent fracture toughness measured in those specimens where there is no instability, but a ductile tearing along the whole resistant section. This parameter has a clear dependence on the geometry and the load displacement-curves are similar to that shown in Figure 4c , and corresponds to some of the tests performed on notched specimens operating at upper shelf temperatures.
Although K N Jc , K N Ju and K N Jt depend (to a different extent) on the geometry of the specimens, this geometry is kept constant here (except for the notch radius), so for the purpose of notch effect analysis this question is not an issue.
ANALYSIS OF NOTCH EFFECT

Notch effect on load bearing capacity
The results shown in tables 3 and 4 reveal a clear increase in the LBC with notch radius, especially for lower shelf (LS) conditions. In both materials most of this increase takes place when introducing the first notch radius (i.e., 0.15 mm), after which the increase is much more moderate. Also, steel S355J2 presents greater differences between the material LBC at the LS and the LBC at the other temperature regions (DBTZ and US). In order to better analyse the notch effect on LBC, figures 5 to 7 present the results for each material and temperature condition, with the LBC being normalised by the average load bearing capacity in cracked conditions (LBC 0 ). Figure 5 , which presents the results at the corresponding LS, shows how the LBC for a notch radius of 2.0 mm is approximately 2.3 times higher in steel S275JR (considering average values), and 4.1 in steel S355J2, than the LBC in cracked conditions. In the first case, most of the increase in LBC takes place when the first notch radius is introduced in the material, whereas in S355J2 the increase takes place along the whole range of the notch radii (although it is also decelerated). Figure 6 shows the results at the DBTZ of the two materials analysed. It can be observed how the higher the temperature the lower the notch effect: the factor by which the LBC in cracked conditions is multiplied when introducing a notch radius of 2.0 mm is, respectively, 2.5, 2.2 and 1.9 for -50ºC, -30ºC and -10ºC in steel S275JR, and 3.1, 1.6 and 1.6 for -150ºC, -120ºC and -100ºC in steel S355J2. Figure 7 presents the results obtained in the upper shelf of the two materials. In this case the notch effect is very limited: although there is an increase in the LBC with notch radius, the LBC of specimens containing a notch radius of 2.0 mm is 1.1 times higher than that obtained in cracked specimens, for steel S275JR at both 40ºC and 70ºC, and 1.3 times higher for steel S355J2 at -50ºC and -20ºC. It can also be observed that once the material is operating at temperatures within the US, the notch effect is stabilised.
With all this, it can be concluded that the notch effect is progressively lower when increasing the temperature. At LS temperatures, this effect has its maximum, the minimum values appearing at the US. Figure 8 gathers this effect, in which it can be observed how there is a transitional behaviour along the corresponding DBTZ. The figure represents the relation between the average LBC obtained in specimens with a 2.0 mm notch radius, and the average LBC obtained in cracked specimens.
Finally, it is also interesting to analyse how the temperature affects the material behaviour for a particular notch radius. Figure 9 shows the evolution of the LBC for defects with notch radii of 0 mm, 0.5 mm and 2.0 mm. It can be observed how the higher the notch radii the lower the temperature effect: the two materials present a clear temperature effect in cracked conditions (as expected due to their ferritic-pearlitic nature [24, 46, 47] ), but this effect is much more limited (even negligible in steel S275JR) for notch radii of 0.5 mm and 2.0 mm.
Notch effect on apparent fracture toughness
Analogously to the analysis performed concerning the LBC, tables 3 and 4 reveal an increase in K N mat with notch radius, although this increase is much more limited in US conditions. Also, contrary to the LBC observations, the increase in K N mat does not mostly take place when introducing the first notch radius (i.e., 0.15 mm), but rather takes place more continuously all along the range of notch radii considered in the analysis. In order to better analyse the notch effect on K .0 times higher than the K mat in steel S275JR at -120ºC, and 9.6 times at -90ºC, with peak values of 11.8 and 13.2, respectively. In the case of steel 355J2 at -196ºC, the average value of K N mat with notch radius of 2.0 mm is 4.0 times higher than the corresponding average value of K mat , presenting a maximum of 4.5. Therefore, the notch effect in the apparent fracture toughness is much more pronounced in steel S275JR than in steel S355J2, contrarily to what happened with the notch effect in the LBC. Also, although in steel S355J2 the notch effect is similar in both parameters (K N mat and LBC), in the case of steel S275JR this effect is noticeably higher on the K N mat . In the two materials, the increase in K N mat takes place all along the range of notch radii considered here. Figure 11 shows the results at the DBTZ of the two materials being analysed. As observed with the LBC, the higher the temperature the lower the notch effect, although for the two materials the notch effect at the DBTZ is generally higher than the notch effect in the lower shelf. Also, in most cases the factor by which the K N mat in cracked conditions (K mat ) is multiplied when introducing a notch radius of 2.0 mm is higher that the factor obtained above for LBC measurements. Figure 12 gathers the results obtained in the upper shelf of the two materials. Again, as observed with the LBC, the notch effect is much more limited than that observed at lower temperatures, but in this case this effect is still noticeable and more significant that that observed with the LBC: in the case of steel S275JR the K N mat of specimens containing a notch radius of 2.0 mm is 1.9 (at 40ºC) and 1.4 (at 70ºC) times higher than that obtained in cracked specimens, whereas in the case of steel S355J2 this factor is 2.7 and 1.6 at -50ºC and -20ºC respectively. Therefore, contrarily to the observations in the LBC, the K N mat measurements obtained here are not constant along the material upper shelf. Therefore, with all this, it can be concluded that the notch effect in the K N mat is generally higher than the notch effect in the LBC. Also, the effect on K N mat , in contrast with the observations of the LBC, presents a maximum at the lower temperatures of the DBTZ, with a progressive decrease towards higher temperatures but also with higher values than those observed at the lower shelf. Figure 13 gathers this behaviour representing the relation between the average apparent fracture toughness obtained in specimens with a 2.0 mm notch radius, and the average fracture toughness measured in cracked specimens.
Finally, Figure 14 analyses how the temperature affects the K N mat for a particular notch radius. This figure shows the evolution of the K N mat for defects with notch radii of 0 mm, 0.5 mm and 2.0 mm. It can be observed how the higher the notch radii the lower the temperature effect: the two materials present a clear temperature effect in cracked conditions, this effect being more moderate for notch radii of 0.5 mm and 2.0 mm. In any case, by comparison of figures 9 and 14, the notch effect at higher radii is more evident when it is measured through the K N mat than when it is measured through the LBC.
ANALYSIS OF FRACTURE MICROMECHANISMS
Once the experimental results of the 336 specimens, in terms of both the LBC and the K N mat , have been presented, described and analysed, this section gathers the analysis of the fracture micromechanisms, performed using Scanning Electron Microscopy (SEM). The authors have previously reported [17, 18] that, beyond the stress relaxation generated by the presence of a finite notch, the notch effect also generates an evolution of fracture micromechanisms. Thus, for a given material and condition, and assuming brittle behaviour in cracked conditions, the fracture micromechanisms become more and more non-linear (ductile) when the notch radius increases, something that may be related to the corresponding progressive loss of constraint.
Therefore, the intention here is to confirm this tendency in fracture micromechanisms and to explain some of the experimental observations, such as the reason why the two analysed materials present different intensities of the notch effect or why this effect is higher at low temperatures belonging to the DBTZ than at lower shelf temperatures. Figures 15 and 16 show the fracture micromechanisms observed in specimens with notch radii of 0 mm (crack-type defect), 0.5 mm and 2.0 mm. Figure 15 corresponds to steel S275JR at -120ºC and -90 ºC and Figure 16 gathers the observations on steel S355J2. In the three cases, the specimens included in these figures correspond to those providing intermediate results of K N mat .
Fracture micromechanisms in the lower shelf
In the first case (Figure 15 ), it can be observed that the fracture micromechanisms are essentially the same for the three notch radii analysed at -120 ºC, with a brittle aspect of the fracture surface and cleavages as the fracture micromechanism. Consequently, the introduction of notches of increasing radius is not accompanied by an evolution of the fracture mechanisms, and the notch effect can only be ascribed to the stress relaxation caused by the introduction of a finite notch radius.
In the case of steel S275JR at -90 ºC (Figure 20d to 20f) , it can be observed that the fracture micromechanisms are predominantly brittle for the three radii included in the analysis, but in the case of specimens with notch radii of 0.5 mm and 2.0 mm there are small areas along the initial defect front containing non-linear mechanisms, these areas being larger for the 2.0 mm notch radius. This is in agreement with the observations made in [17, 18] , and the notch effect here includes two different contributions: the stress relaxation at the defect tip, and the evolution in fracture micromechanisms that may be caused by a progressive reduction of the constraint conditions at the notch tip when the notch radius increases. This These may be the reasons why a higher notch effect has been observed at -90ºC than at -120ºC.
Finally, in Figure 16 , (steel S355J2 at -196ºC), it can be observed that there is no change in fracture micromechanisms, with a brittle aspect of the fracture surface and a lack of non-linear processes in the three radii analysed. Thus, the notch effect, which is the lowest one in the three situations here analysed, is caused only by the stress relaxation at the defect tip.
The SEM observations have also explained the high scatter observed in certain situations, especially concerning K N mat in S275JR specimens with a 2.0 mm notch radius. Figure 17 shows the fracture micromechanisms in two of the steel S275JR specimens: the first one, specimen 2.45, corresponds to the lowest obtained value of K N mat ; the second one (specimen 2.48) corresponds to the highest K N mat . It can be observed how, in the first case, fracture micromechanisms are basically brittle, the notch effect being uniquely caused by the stress relaxation. However, in the second case, there are a significant number of non-linear mechanisms, which generate an additional notch effect to that caused by the stress relaxation and, consequently, a much higher K N mat .
Fracture micromechanisms in the ductile-to-brittle transition zone
As shown above, six different combinations of material and temperature have been analysed within the ductile-to-brittle transition zone. For the sake of simplicity, just three of them are shown here. Figures 18a to 18c present the evolution of the fracture micromechanisms in steel S275JR at -50ºC, that is, at temperatures belonging to the ductile-to-brittle transition zone and located below the corresponding reference temperature (T 0 ). It can be observed that the cracked specimen has a brittle aspect with a direct transition from the precracking surface to the final fracture surface, where multiple cleavages can be observed. There is a very narrow whitish line along the initial crack front, in the middle of Figure 18a , that may be an indication of non-linear processes, but it is of very limited thickness (around 10 µm). This constitutes a first difference if compared to the observations made in the lower shelf.
Once a finite notch radius is introduced in the specimen, non-linear processes clearly appear. Figure 18b shows an image of S275JR specimen 2-53, corresponding to a notch radius of 0.15 mm. It can be seen how there is an initiation area after the initial crack that does not correspond to cleavage fracture (it presents microvoids). Finally, after the initiation area, brittle fracture dominates again.
Lastly, the size of the initiation areas generally grows with the notch radius, something that has a direct effect on both the LBC and, specially, the K N mat results.
Figures 18d to 18f gather the evolution of the fracture micromechanisms in steel S355J2 at -150ºC, again, a temperature belonging to the ductile-to-brittle transition zone and located below the corresponding reference temperature. Here, although there is a clear evolution of fracture micromechanisms when observing the whole sequence of fractographies, there is no direct link between them and the LBC and K N mat measurements: the latter increases significantly for very small notch radii (e.g., 0.15 mm and 0.25), but the change in fracture micromechanisms appears for larger radii (1.0 mm). Thus, the increase in the macroscopic measurements takes place, firstly, driven by the stress relaxation, and afterwards, by the combination of the stress relaxation and the change in the fracture micromechanisms. In any case, this evolution of fracture micromechanisms is totally different to the observations made at -196ºC, where these micromechanisms remained brittle along the whole range of the notch radii.
The observations gathered in Figure 18 show why the maximum notch effect on the apparent fracture toughness takes place at low temperatures within the DBTZ: while the notch effect is basically caused by the stress relaxation at temperatures belonging to the lower shelf, this stress relaxation is accompanied by a clear evolution in the fracture micromechanisms at lower temperatures of the DBTZ. These two coupled effects generate the maximum observed notch effect in this research.
Analogously to the observations in Figure 17 , the SEM analysis has also explained the scatter observed in the results. As an example, the fracture surfaces of steel S355J2 specimen 3-45 (maximum K N mat value) presented a continuous initiation area containing ductile mechanisms, whereas specimen 3-48 (minimum K N mat value) presented cleavages as the dominant fracture mechanism. These different fracture observations have led to substantial differences in the LBC and vast (higher than 300%) differences in K N mat .
Finally, the SEM observations made at higher temperatures within the DBTZ of the two materials analysed present a clear tendency: the higher the temperature the larger the non-linear processes for each notch radius. Figure 19 shows, as an example, the observations made in steel S275JR at -10ºC. It can be seen that there are non-linear processes even in cracked conditions, so the differences in fracture micromechanisms are not as significant as those observed at lower temperatures. This, in the end, generates a lower notch effect.
Fracture micromechanisms in the upper shelf
The SEM observations in the upper shelf have revealed large numbers of ductile processes in the two materials even in cracked conditions. Although the size of the areas containing nonlinear mechanisms grows with the notch radius, the fracture mechanisms are basically the same. This generates the low notch effect on both the LBC and the K N mat analysed in Section 4. Figure  20 shows the observations made in steel S275JR specimens tested at 40ºC.
Moreover, for a given notch radius, there have not been significant changes in the fracture micromechanisms. This explains the low scatter observed in the upper shelf conditions.
CONCLUSIONS
This paper presents the analysis of notch effect in two ferritic-pearlitic steels, S275JR and S355J2. This notch effect is analysed at temperatures varying from the corresponding lower shelf up to the upper shelf, covering the different types of material fracture behaviour. The experimental program is composed of 336 CT fracture specimens with notch radii varying from 0 mm up to 2.0 mm.
The notch effect has been analysed by means of two different parameters: the load bearing capacity (LBC) and the apparent fracture toughness (K N mat ). The main conclusions obtained are the following: -A notch effect has been observed a in both materials, such that both the LBC and the K N mat are higher when the notch radius increases. This has been observed at the different regions of material fracture behaviour.
-The notch effect in the LBC has its maximum at lower shelf (LS) temperatures, the minimum values appearing at the upper shelf (US). -It has also been observed that the higher the notch radii the lower the temperature effect on the LBC. -The notch effect in the K N mat is generally higher than the notch effect in the LBC. Also, the effect on K N mat , in contrast with the observations of the LBC, presents a maximum at the lower temperatures of the DBTZ.
-Similarly to the observations on the LBC, it has also been observed that the higher the notch radii the lower the temperature effect in K N mat , although this effect is more evident when it is measured through the K N mat than when it is measured through the LBC. -The SEM fractographies have justified the above observations. A general trend has been observed that consists in the change in fracture micromechanisms when the notch radius and/or the temperature increases. The maximum notch effect on K N mat takes place at low temperatures of the ductile-to-brittle transition zone due to the combined effect of stress relaxation and the change in fracture micromechanisms, which are brittle for cracked conditions and present non-linear micromechanisms for higher notch radii. 
